To our knowledge, only one case of a TSH-secreting carcinoma has previously been reported. We describe here a second patient with a pituitary carcinoma producing TSH and prolactin (PRL). A 37-year-old male underwent a left frontotemporal craniotomy in 1996 for a sellar mass. Except for mildly increased PRL and elevated a-subunit, hormone evaluation was normal. Pathologic examination revealed a chromophobe adenoma with increased mitotic forms. The patient completed a course of external beam radiation to the pituitary and was prescribed L-thyroxine, bromocriptine, and hydrocortisone. He was lost to follow-up but did well for 6 years, until 2002, when he presented with TSH-dependent thyrotoxicosis and hyperprolactinemia. The patient was started on bromocriptine and propylthiouracil and was, again, lost to follow-up. In 2004, 9 years after his initial presentation, he presented after falling. Magnetic resonance imaging showed two brain masses with associated midline shift. Emergent resection of the larger mass revealed a pituitary cancer with positive staining for PRL, but not for TSH. Nine months later, the patient underwent further debulking of metastatic disease. Although development of a carcinoma from a pituitary adenoma is very rare (,0.5%), macroadenomas that become hormonally active should be suspect for transformation into pituitary cancer.
Introduction
Pituitary carcinomas are rare tumors, with only 140 cases described in the English literature (1) . While the majority of reported cases secreted either adrenocorticotropin (ACTH) or prolactin (PRL), only one described tumor produced thyrotropin (TSH) (2) . We report a patient with a non-functioning tumor that transformed into a PRL-and TSH-secreting carcinoma. This case illustrates that pituitary tumors can alter hormone production and that tumors exhibiting changes should be evaluated for transformation to carcinomas.
Case report
A 37-year-old male with a history of alcohol abuse presented to the emergency room in 1995 with seizures. Magnetic resonance imaging (MRI) of the brain revealed a 2 £ 2 £ 3 cm sellar mass with compression of the optic chiasm (Fig. 1A) .
Hormonal evaluation at the time of admission was significant for a mildly elevated PRL of 146 ng/ml (normal range 0-15 ng/ml). Thyroid function tests were within normal limits (TSH, 2.7 (normal range 0.3 -3.8 mU/ml), free thyroxine index (FTI), 7.7 (normal range 6-10.5 units)). Serum leutinizing hormone (LH) was 2.2 IU/l, follicle-stimulating hormone (FSH) was 3.5 IU/l, and morning cortisol was 14.5 mg/100 ml. Total testosterone was low at 225 ng/dl (normal range 312 -1240 ng/dl), and serum a-subunit was elevated at 46.8 ng/ml (normal value , 1).
The patient was diagnosed with a non-functioning pituitary tumor secreting a-subunit. The elevated PRL was thought to be from stalk compression. He underwent a left frontotemporal craniotomy to debulk the lesion. The surgery resulted in vision loss, which failed to improve. Pathology revealed a chromophobe adenoma with increased mitotic forms; staining for PRL, growth hormone (GH), TSH, FSH, and LH were negative.
The patient completed a course of external beam radiation to the pituitary and was prescribed L-thyroxine (L-T 4 ), bromocriptine, and hydrocortisone. He was lost to follow-up but did well for 6 years, until January 2002, when he presented with weight loss, diaphoresis, hyperphagia and goiter. He was taking no medications. Biochemical studies revealed TSH-dependent hyperthyroidism, with serum TSH at 9.9 mU/ml and an FTI of 43.6. PRL was elevated at 354 ng/ml and total testosterone measured , 20 ng/dl. A dedicated pituitary MRI was suspicious for residual disease in the pituitary; the entire brain parenchyma was not evaluated. He was prescribed hydrocortisone, propylthiouracil (PTU), and bromocriptine. His thyrotoxic symptoms were improved at a clinic appointment 2 weeks later.
The patient was again lost to follow-up until he presented to the emergency room 1 year later in February 2003 with altered mental status; he was taking no medications. A brain MRI showed residual disease in the pituitary. In addition, two lesions with radiographic appearances suggestive of 'meningiomas' were seen; the first, in the right temporo-occipital area measured 4.2 £ 2.5 cm and the second, in the right parietal lobe, was 1.5 £ 1.5 cm (Fig. 1B) .
Serum TSH measured 53 mU/ml and the FTI was 22. PRL was . 1200 ng/dl and a-subunit had increased to 96 ng/ml. Thyrotropin-releasing hormone stimulation (100 mg) raised serum PRL levels from 1241 to 1650 ng/ml but failed to increase TSH (Table 1) . Insulin-induced hypoglycemia (Table 1) showed no increase in GH and a mild increase in cortisol (3.6 -7.6 mg/100 ml), suggestive of secondary adrenal insufficiency and GH deficiency. The patient was re-started on bromocriptine, PTU, and hydrocortisone. Before further treatment could be initiated, he was lost to follow-up.
Eight months later, in November 2003, the patient presented to the emergency room again with altered mental status and thyrotoxicosis. He was taking no medications.
131
I thyroid ablation was performed to control his symptoms. He failed to come to any of his follow-up appointments.
Ten months later, in September 2004, the patient was brought to the emergency room after falling down the stairs. A brain MRI (Fig. 1C) showed interval increase in the two right lobe lesions. The larger (8.1 £ 5.5 cm) showed areas of hypodensity suspicious for internal necrosis and/or hemorrhage. There was significant associated mass effect. The second lesion measured 3.5 £ 3.5 cm. Emergent resection of the larger mass revealed a pituitary cancer with MIB-1 (a cell proliferation marker that recognizes the KI-67 antigen) immunoreactivity . 15%, and positive staining for PRL and synaptophysin, but not for TSH (Fig. 2) .
Laboratory investigation revealed hypothyroidism (free T 4 by dialysis 0.4 ng/dl (normal range 1.0 -2.0 ng/dl)) and hyperprolactinemia (PRL, 649 ng/ml). L-T 4 , cabergoline, and hydrocortisone were prescribed and the patient was discharged home.
At a follow-up appointment 2 weeks later, the patient had improved mental status. He was euthyroid on L-T 4 with decreasing PRL on cabergoline. He showed continued clinical and laboratory improvement at two subsequent office visits despite a repeat MRI which showed several new small areas of metastatic disease. Palliative radiation therapy was recommended, but the patient failed to come to his appointments.
In June 2005, the patient was brought to the emergency room in status epilepticus. His seizures were controlled with benzodiazepines and phenytoin. A brain MRI revealed multiple large dural-based lesions ( Fig. 1D ) with evidence of transtentorial herniation. High dose steroids were initiated.
The patient underwent surgical debulking of the right temporal lesion. Pathology of the metastatic lesion was consistent with recurrent tumor, but immunohistochemical staining with antibody against pituitary hormones, including PRL, was negative. MIB-1 antibody labeled more than 50% of the tumor cell nuclei.
Laboratory investigation revealed euthyroidism (free T 4 by dialysis 1.2 ng/dl) and worsening hyperprolactinemia (1354 ng/ml). L-T 4 and hydrocortisone were continued and bromocriptine was started.
The family agreed to have the patient placed in a long-term care nursing facility. He received a full course of radiation and consistently took his cabergoline with resolution of the seizures.
Discussion
The diagnosis of pituitary cancer is extremely rare, accounting for 0.1 -0.5% of pituitary tumors (3). The diagnostic criteria itself are widely debated; no histological, immunohistochemical, or electron microscopal findings reliably distinguish pituitary adenomas from carcinomas. The current consensus in the literature supports the presence of metastases to diagnose carcinoma.
Our patient was similar to previous case reports of pituitary carcinoma for several reasons. The literature suggests that the primary tumor is typically diagnosed in the fourth decade; our patient was 37 years old at presentation. Furthermore, the average time between diagnosis of a pituitary adenoma to the development of metastases averages 7 years, although in PRL-producing tumors the mean is shorter (4.7 years) (4). Our patient presented 9 years after his primary tumor was resected, although the reccurrence had likely gone undiagnosed for some time. Thirdly, our patient's initial tumor pathology had frequent mitotic figures and prominent nucleoli, two features associated with, although not completely indicative of, more aggressive tumor behavior (4).
Our patient was unique, in many respects, to previous reports of pituitary carcinoma. His laboratory data over the progression of his disease are summarized in Table 2 . Both his clinical course and endocrine evaluation support the diagnosis of a PRL-and TSHsecreting pituitary carcinoma. Although we have been unable to confirm the latter diagnosis through immunohistochemistry, an inappropriately high TSH, an elevated a-subunit, and an a-subunit/TSH molar ratio of greater than 1 (depending on the TSH and gonadotropin levels (5)) all support the diagnosis of a TSHsecreting tumor (2) . In our patient, the a-subunit/TSH ratio was calculated at greater than 18. It is possible that the resected metastatic tumor failed to stain with anti-TSH b-subunit immunoglobulin because the TSH may have been secreted from residual pituitary disease. These metastatic lesions represent a less-differentiated neuroendocrine tumor, now unable to make TSH. Likewise, the first resected metastatic tumor stained with antibody against PRL whereas the second metastatic tumor did not. This also suggests that the tumor further de-differentiated as it progressed. Given that the patient's PRL was greater than 1300 ng/ml at the time the second metastatic lesion was removed, it is presumed that some of the metastatic lesions still retained the ability to secrete PRL.
Although the molecular basis of pituitary carcinoma has not been fully elucidated, many genetic defects have been described. X-inactivation analysis has shown that pituitary tumors are derived from monoclonal expansion of a single transformed cell (6) . The accumulation of genetic aberrations in oncogenes and/or tumor suppressor genes within this monoclonal cell population may transform benign lesions into malignant ones. Pituitary carcinoma likely develops in a stepwise fashion involving dysregulation of cell growth, differentiation, and hormone production (7) . This patient's clinical course supports the theory that pituitary carcinoma results from the accumulation of multiple genetic defects. At presentation, the patient's tumor was thought to be hormonally silent. However, after his reccurrence, the initial pathology specimen was restained and was subsequently found to be mildly positive for PRL. As his disease progressed, the tumor transformed into either a TSH-/PRL-secreting adenoma or carcinoma. Following thyroid ablation, he became hypothyroid and, as a result of poor medical compliance, never received thyroid hormone replacement. This, in turn, may have stimulated tumor growth from loss of negative feedback and allowed for de-differentiation, loss of TSH secretory function, and development of gross metastases. Following further growth, PRL secretory function may also have been compromised. It has been well described that neuroendocrine tumors are able to produce more than one hormone and that their hormone secretion can change over time (8) . Sironi et al. (9) presented immunohistochemical evidence of a prolactinoma with associated high serum cortisol levels which transformed into a mixed ACTH -PRL -GH carcinoma. In addition, the only other published case of a TSH-secreting pituitary carcinoma, described by Mixson et al. in 1993 (2) , also documented a change in hormone production. Similar to our patient, this report describes a woman who was euthyroid at initial presentation with a pituitary adenoma. It was not until 5 years later that she was diagnosed with central hyperthyroidism and found to have reccurrence of her pituitary disease. In this case, however, immunohistochemistry with anti-TSH-b immunoglobulin confirmed her biochemical data (2).
Reviews of previously reported cases of pituitary carcinoma have failed to clearly differentiate pituitary adenomas from carcinoma on the clinical, radiographic, or histochemical criteria at the time of diagnosis. The size of our patient's adenoma, in addition to the high number of mitoses and elevated MIB-1 staining (although not available in 1996) were possibly predictive of a more aggressive tumor (4). A few cases have shown that a sustained elevation in a-subunit may be associated with a worse outcome (1, 10). The patient described in the first reported case of TSH-secreting pituitary carcinoma had an a-subunit as high as 125 ng/ml, higher than seen in TSH-secreting adenomas; this value decreased as her disease progressed, presumably due to de-differentiation of metastatic disease (2). In our patient, the peak a-subunit was 96 ng/ml. Given the rarity of pituitary carcinoma, the diagnostic value of the elevation in a-subunit is not known. These data suggest, however, that the a-subunit in patients with TSH-secreting lesions should be monitored closely. This case further reminds us that radiographic studies have shortcomings and cannot be substituted for tissue diagnosis. MRI scanning performed in 2003 showed two new lesions with radiographic appearances of 'meningiomas.' Dural sites of metastases mimicking meningiomas have previously been described in the literature (11) . Given his problems with non-compliance, earlier recognition of metastatic disease may not have altered this patient's course. However, this finding illustrates that all central nervous system lesions in patients with a history of pituitary tumors should be evaluated for metastatic lesions.
This case illustrates that a non-functioning pituitary tumor can transform into a secreting carcinoma. Although carcinoma is usually thought of as a dedifferentiated state, that may not be entirely accurate. Our patient's tumor initially became more differentiated, as demonstrated by gaining secretory function, as it transformed into a more aggressive state. As the disease progressed, the tumor then de-differentiated. This suggests that macroadenomas that become hormonally active should be closely investigated for transformation into pituitary cancer.
